Abstract Splenic rupture in the neonatal period is a rare condition that can be complicated by hemorrhagic shock. The symptoms are not very specific, rendering the diagnosis difficult and often delayed; sometimes only discovered at autopsy. We report five cases diagnosed in the Rhône-Alpes region of France. From these observations and from a review of the literature, the circumstances of the occurrence, the clinical signs, and the therapeutic possibilities are discussed. In the presence of severe anemia with pallor and abdominal distension, particularly in the context of a difficult birth, an abdominal ultrasound must be urgently performed and surgical management promptly considered.
Introduction
Hemoperitoneum is a pathology that is seldom described in the neonatal period, but that can rapidly deteriorate to hemorrhagic shock and lead to the death of the infant. The prognosis depends on the speed of diagnosis and of therapeutic management. Hepatic lesions are the most frequent causes (65%), followed by adrenal lesions (15%) and splenic lesions (10%) [9, 10, 13] . We describe five cases of newborns with neonatal hemoperitoneum secondary to splenic rupture reported in the Rhône-Alpes region of France between 2003 and 2015, out of about 1 million births, followed by a review of the literature. Our objective is to alert clinicians to the circumstances in which this pathology was seen and to propose a therapeutic strategy based on the data in the literature.
Case reports
For the five cases described, there was no notion of trauma during pregnancy. Apgar's scores were rated at 1, 5, and 10 min of life.
Case 1
This was the second child of a mother without any noteworthy antecedents. An emergency cesarean was performed at 32 weeks of amenorrhea (WA) in the context of threatened preterm delivery, breech presentation, and abnormal fetal heart rhythms. The non-instrumental extraction was difficult. The newborn female had an Apgar score of 3/3/3 and a birth weight of 1960 g. At birth, the venous pH was 7.31 and the cord hemoglobin level was 14 g/dl. The neonate was hypotonic. She was intubated at 10 min of life and received surfactant at 50 min of life for neonatal respiratory distress syndrome. At 3 h of life, the newborn suddenly went into shock. There were diffuse cutaneous hematomas, bleeding at the puncture points, and bleeding at the umbilical venous catheter. Biological tests confirmed severe anemia at 4.4 g/dl, associated with disseminated intravascular coagulation (DIC). Despite resuscitation involving transfusion of red blood cells (120 ml/ kg), platelets, fresh frozen plasma, and recombinant human fibrinogen, the newborn remained in anuric shock and metabolic acidosis. At 9 h of age, the newborn presented multivisceral failure with hepatocellular insufficiency and pulmonary arterial hypertension treated with nitric oxide. She had moderate abdominal bloating with a belly that remained depressible. Abdominal ultrasound performed at 12 h of life found a voluminous subcapsular splenic hematoma measuring 2.3 × 2.5 × 1.5 cm associated with a hemoperitoneum. A transfontanellar ultrasound (TFU) showed highly hyperechoic areas. The electroencephalogram confirmed the severity of the neurological state with an overall depressed, non-fluctuating, unarousable pattern devoid of physiological activity.
Given the highly reserved neurological prognosis and the extreme instability of the child, surgical management was rejected. The second electroencephalogram was flat. She died at 72 h of life in a context of major hyperkalemia with heart rhythm disorders. The parents did not wish an autopsy to be carried out.
Case 2
This was a male newborn born vaginally at 38 WA. Rupture of the membranes had lasted 28 h, and the amniotic fluid was meconial. The extraction had necessitated the Løvset and Bracht maneuvers for a frank breech presentation. The newborn weighed 3560 g, and his Apgar score was 3/5/9. He was given broncho-aspiration and then ventilated with neopuff® for 5 min. He presented transient respiratory distress. At 3 h of life, the clinical examination was considered normal. At 12 h of life, he developed a mucocutaneous pallor together with signs of respiratory distress. The infant received antibiotic therapy for a suspected materno-fetal infection. His clinical condition deteriorated at 21 h of life with the appearance of abdominal bloating and tachycardia, along with increased pallor. The hemoglobin level was 6.4 g/dl. A diagnosis of hemoperitoneum was suspected and abdominal ultrasound confirmed intraperitoneal effusion with splenic hyperechogenicity suggestive of a subcapsular hematoma. The child received transfusions of red blood cells (equivalent to one blood mass) and fresh frozen plasma. Acute anuric renal failure with major hyperkalemia appeared, associated with metabolic acidosis and DIC. A decision to implement surgical treatment was taken at 30 h of life in view of the extent of the transfused volume and the DIC. A splenic rupture and a capsular rupture were found; any salvage maneuver of the spleen was tried but a total splenectomy was performed. The infant's evolution was initially favorable. From the age of 6 months, he developed kyphosis of the dorsolumbar hinge with, at 9 months, the appearance of a macrocephaly due to hydrocephalus, treated by ventriculocysternostomy. The radiological assessment carried out showed a cervical canal and a narrow occipital hole and, as regards the vertebra, signs of diffuse demineralization suggesting a lysosomal storage disorder. The diagnosis of type I mucopolysaccharidosis (or Hurler's disease) was confirmed. An anatomo-pathological examination of the splenic fraction did not reveal, a posteriori, abnormalities suggestive of a lysosomal storage syndrome.
Case 3
This was a full-term female newborn, born after spontaneous labor. Induced rupture of the membranes had released hemorrhagic amniotic fluid with the onset of fetal bradycardia. There was no notion of difficult delivery with no need for instruments to aid the vaginal delivery. The Apgar score was 7/8/8, and the birth weight was 3145 g. Examination at birth found intense cutaneo-mucosal pallor together with moderate anemia (hemoglobin at 12.3 g/dl). Cord analysis gave pH 7.23 and lactates at 3.8 mmol/l. At 45 min of life, she presented signs of respiratory distress with grunting and desaturation associated with episodes of bradycardia requiring ventilation with neopuff® followed by intubation and placement of an umbilical venous catheter. At 1 h 40 min, the newborn was put on hemodynamic support by vascular filling and transfusion of red blood cells due to anemia at 10.3 g/dl. Pallor, a bloated abdomen, and hypotonia persisted. Analyses showed hemoglobin at 12.4 g/dl, major hyperkalemia, renal insufficiency, metabolic acidosis, and DIC. Pulmonary Xrays and TFU were normal. Immediate care consisted of antibiotic therapy, transfusion of bicarbonates and fresh frozen plasma, and analgesia-sedation. The newborn rapidly went into a state of shock with hypotension and anuria requiring further hemodynamic support by positive inotropic drugs. At 8 h of life, tracheal bleeding and bleeding at puncture points appeared requiring a second infusion of fresh frozen plasma. A control ETF was normal; however, deterioration continued with, at 12 h of life, extreme pallor, abdominal distension associated with major metabolic acidosis with pH <7, anemia at 9.4 g/dl, and thrombocytopenia at 28 g/l. Despite transfusion of red blood cells, recombinant human fibrinogen, and fresh frozen plasma, hypovolemic shock with DIC persisted. An abdominal ultrasound performed at 18 h of life found a peritoneal effusion with a doubt as to the integrity of the spleen. A peritoneal puncture revealed bloody liquid. In view of the very strong suspicion of splenic rupture, an exploratory laparotomy was performed. This found a ruptured splenic capsule with active bleeding associated with a hemoperitoneum evaluated at 150 ml making impossible any salvage maneuver of the spleen. A hemostatic splenectomy was performed. Anuria refractory to drug treatment persisted. Peritoneal dialysis was rejected due to the abdominal surgery and a contraindication to hemofiltration because of the hemodynamic instability. Menacing hyperkalemia resisted continuous insulin and was complicated by heart rhythm disorders. A new TFU found significant cerebral edema with reverse flow in the anterior cerebral artery. At about 20 h of life, gasping developed in a context of major metabolic acidosis with lactates at 20 mmol/ l associated with clinical convulsions necessitating the initiation of anticonvulsant treatment. At 26 h, the newborn fell into unarousable coma and died at 55 h of life.
Case 4
This full-term female with cephalic presentation was born by spontaneous vaginal delivery requiring suction extraction due to bradycardia. Metrorrhagia had occurred during the artificial rupture of the membranes. Her Apgar score was 2/4/5 with significant pallor. Ventilation by face mask was given for 10 min. Intubation was performed at 25 min of life due to a major mixed acidosis associated with hypoxemia. The newborn presented a state of shock, with abdominal distension and showed few reactions. Due to anemia at 10.3 g/dl and clotting disorders, she received two vascular fillings and transfusions of red blood cells and fresh frozen plasma. Given the hemodynamic instability with anuria, aminergic support and diuretic treatment were initiated. Major metabolic acidosis persisted with severe anemia despite the transfusions of red blood cells. Abdominal distention increased. The TFU was normal but abdominal ultrasound found a diffuse peritoneal effusion. Peritoneal puncture revealed a bloody liquid. An exploratory laparotomy was performed at 16 h of life allowing the evacuation of a voluminous hemoperitoneum of 200 ml and found a major splenic capsular hematoma with two hemorrhagic wounds on the outer edge of the spleen. Local hemostasis was attempted unsuccessfully in the context of major DIC and hemodynamic instability and a total hemostatic splenectomy was performed. The postoperative outcome was marked by persistence of refractory shock with DIC despite medical treatment. The newborn suffered massive pulmonary hemorrhage with refractory hypoxemia leading to death at 103 h of life.
Case 5
This was the second child of a mother with hemorrhagic ulcerative recto-colitis locally treated with anti-inflammatory drugs. She presented placenta bipartita with velvety insertion of the vessels. An emergency cesarean was performed at 40 WA due to abnormalities in fetal heart rhythm associated with metrorrhagia. Extraction of the 2880-g female newborn was straightforward, although the amniotic fluid was discolored. The newborn had an Apgar score of 1/6/7 and generalized hypotonia together with pallor requiring ventilation with neopuff®. Birth blood gases revealed major mixed acidosis. She was rapidly intubated, and an umbilical venous catheter was inserted. Due to anemia at 10.6 g/dl, a transfusion of red blood cells was performed together with two vascular fillings. In view of the persistence of hemodynamic disorders and despite a third vascular filling, aminergic support was started. Analyses revealed metabolic acidosis with DIC, requiring the transfusion of platelet concentrates and fresh frozen plasma, and hemoglobin at 13.8 g/dl. A sudden aggravation of anemia to 9 g/dl necessitated a new transfusion of red blood cells. The newborn remained pale with an abdomen that progressively distended. The TFU was normal. An abdominal ultrasound found a diffuse intraperitoneal effusion consistent with hemoperitoneum together with two splenic hypoechoic plaques suggestive of rupture lesions and a splenic capsular hematoma. In view of the major DIC, it is decided to postpone surgery. At 20 h of life, the situation becoming uncontrollable under medical treatment, an exploratory laparotomy was carried out that found a massive hemoperitoneum, with two splenic wounds associated with a subcapsular hematoma. Treatment consisted of using hemostatic mesh, but hemostasis was very difficult. Although the postoperative hemodynamic situation appeared to be under control, a secondary deterioration developed with uncontrollable hemorrhagic shock. The newborn died at 60 h of life. An autopsy was performed, in agreement with the family, confirming rupture of the spleen as responsible for the hemoperitoneum.
Discussion
Neonatal hemoperitoneum is rarely reported in the literature. The diagnosis of intra-abdominal hemorrhage in a newborn is difficult, and diagnosis is often made at autopsy [7] . The triad of pallor, anemia, and abdominal distension was observed in all of our cases and appears to be found almost consistently in the literature (93%) [2] [3] [4] [5] [6] [7] [8] [9] [13] [14] [15] [16] . Bleeding and hemoperitoneum can occur with non-specific symptoms such as feeding difficulties, pallor, tachycardia, polypnea, or scrotal hematoma [13, 15] . Any case of unexplained anemia and/or abdominal hemorrhage should be suspected. Sudden onset of severe anemia with pallor and abdominal distension must remind a severe abdominal bleeding. Splenic lesions are much less frequent than hepatic ruptures [8] [9] [10] . This is partly explained by the relatively well-protected position of the spleen below the diaphragm in the upper left quadrant of the abdomen [1, 8, 13] . Hemoperitoneum secondary to splenic rupture is most often due to stretching of the splenorenal ligament [5, 9] and usually associated with dystocia and difficulties of extraction, favored by the maneuvers of Lovset and Bracht. Generally, splenic rupture evolves in two stages leading to difficult diagnosis and management: the initial formation of a subcapsular hematoma, that is often nearly asymptomatic and then, several hours or several days later, sudden capsular rupture responsible for a massive hemoperitoneum with a state of hemorrhagic shock. [7, [13] [14] [15] . In our cases, there was an average interval of 10 h between birth and abrupt degradation associated with abdominal distension.
The primary cause of neonatal spleen rupture is dystocia [3, 4, 7, 8] , which was seen in three of our five cases. For our two other cases, it appears that, for one, chest compression maneuvers during the extraction, because of the apparent state of death, could have caused the splenic lesions. For the other, excessive abdominal pressure maneuvers on the mother's abdomen may have been performed during childbirth causing trauma in the newborn. Other causes of splenic rupture have been reported in the literature. It can be associated with pathogenic parenchyma such as splenic hemangioma [11] , with a hematological pathology such as neonatal hemophilia [2] and fetal erythroblastosis [5] or favored by wandering spleen syndrome [3] . A case of splenic rupture was reported secondary to maternal intake of antiepileptics responsible for coagulation disorders [16] . Splenic rupture can also occur in newborn infants with no incidents during delivery and no underlying disease [1, 7] . The pathophysiology of splenic rupture during or after an eutocic delivery is not fully understood. The mechanism could be related to an increase in fetal intrathoracic pressure during uterine contractions pushing the liver and spleen out of the diaphragmatic cavity, causing excessive strain to their supporting ligaments [7, 14] .
Exploration of suspected intra-abdominal hemorrhage is usually performed by abdominal ultrasound or abdominal CT [2, 3, 8, 14] . Puncture of the peritoneal fluid can rapidly confirm the diagnosis of hemoperitoneum [4, [7] [8] [9] .
In the literature, we found 14 cases of hemoperitoneum due to splenic lesions (Table 1) . In these cases, the first therapeutic choice is exploratory laparotomy (80%). Some authors recommend surgical treatment if a transfusion of more than 40 ml/kg or about half a blood mass is needed [4] . When surgical management is considered, some authors have reported the efficacy and benefit of conservative treatment in the neonatal period by surgical sutures and the use of gelatin, absorbable mesh, or tissue glue [3, 6, 7, 15] . When clotting disorders are very severe, conservative treatment is not sufficient to control hemorrhage and hemostatic splenectomy should be performed [2, 9, 13, 14] .
Among all cases found in the literature, only one case of death has been reported. This could be explained by a publication bias, only reports of surviving infants being published. The one report of mortality concerned a newborn found deceased at the maternity unit at 7 h of life; the diagnosis of hemoperitoneum due to splenic rupture was made at the autopsy [1] .
In our series, only one newborn survived. The four other newborns died as a result of a refractory shock with uncontrollable DIC, despite surgery to try to control the local hemostasis for two of them. This large number of deaths could be explained by the fact that once the DIC cascade starts, it quickly becomes uncontrollable and escapes both medical and surgical treatment. In this pathology, it is crucial that the clinician proposes the diagnosis as early as possible to allow adapted medical and surgical management to be initiated as fast as possible.
Faced with unexplained postnatal anemia, it is essential to perform a cerebral and abdominal ultrasound scan as soon as possible to eliminate a deep hematoma. In fact, in front of early hypovolemic shock and abdominal distention, it is primordial to ask for an abdominal ultrasound, as in the case of polytrauma, considering intra-abdominal pathology in the differential diagnosis. When a hemoperitoneum is detected, if the child remains hemodynamically unstable, the literature advises urgent exploratory laparotomy [2, 3, 5-7, 9, 12-16] . Moreover, if the newborn had an umbilical venous catheter, it is important to think to hemoperitoneum due to hepatic laceration. Pignotti et al. reported a case of hepatic laceration due to umbilical venous catheter malposition leading to abdominal bleeding and death of the newborn [12] .
Conclusion
Neonatal hemoperitoneum on splenic rupture is an infrequent but severe event. This diagnosis should be systematically considered in the presence of unexplained neonatal anemia, not only in the context of dystocia but also following eutocic delivery. Sudden onset of severe anemia with pallor and abdominal distension must remind a severe abdominal bleeding. We have to think to hidden bleeding. Diagnosis should be promptly confirmed by performing an emergency abdominal ultrasound. If the diagnosis is confirmed and the newborn has hemodynamic disorders, this is a surgical emergency. An exploratory laparotomy must be performed as quickly as possible. Conservative surgery to the spleen must not delay hemostasis and a splenectomy may be necessary if the hemorrhagic syndrome cannot be controlled. All the actors involved in the management of neonates must be aware of this pathology to enable rapid diagnosis and optimal therapeutic management.
